Phages C-2 and J were isolated from sewage. Phage C-2 was filamentous and formed plaques on Salmonella typhimurium strains carrying various C plasmids. It also plated on Proteus mirabilis and Serratia marcescens strains carrying particular C plasmids, but failed to form plaques on lines of Escherichia coli K12 strains harbouring most of these plasmids, although in all cases, phage multiplication on the strains was demonstrated. No phage increase occurred in any strain which lacked a C plasmid or contained plasmids of other incompatibility groups. The phage was sensitive to chloroform and, unlike other filamentous bacterial viruses, adsorbed to shafts of conjugative pili. It had a disc-like structure at the end which attached to the pilus. Phage C-2 had a buoyant density of 1.30 g cmd3 and a single-stranded circular DNA genome of 3.0 MDal. Phage J had an hexagonal head with an inter-apical distance of 40nm and a short noncontractile tail. It was resistant to chloroform and diethyl ether. The phage formed plaques or propagated on E. coli strains harbouring some IncC plasmids and all IncJ and IncD plasmids tested. The phage did not form plaques but propagated on P. mirabilis and Ser. marcescens strains carrying these plasmids. It did not plate or propagate on S . typhimurium strains harbouring the plasmids. The plaques were very hazy and variable in size. The phage attached sparsely, at a site which appeared to be located at the base of the tail, to sides of conjugative pili.
Phages C-2 and J were isolated from sewage. Phage C-2 was filamentous and formed plaques on Salmonella typhimurium strains carrying various C plasmids. It also plated on Proteus mirabilis and Serratia marcescens strains carrying particular C plasmids, but failed to form plaques on lines of Escherichia coli K12 strains harbouring most of these plasmids, although in all cases, phage multiplication on the strains was demonstrated. No phage increase occurred in any strain which lacked a C plasmid or contained plasmids of other incompatibility groups. The phage was sensitive to chloroform and, unlike other filamentous bacterial viruses, adsorbed to shafts of conjugative pili. It had a disc-like structure at the end which attached to the pilus. Phage C-2 had a buoyant density of 1.30 g cmd3 and a single-stranded circular DNA genome of 3.0 MDal. Phage J had an hexagonal head with an inter-apical distance of 40nm and a short noncontractile tail. It was resistant to chloroform and diethyl ether. The phage formed plaques or propagated on E. coli strains harbouring some IncC plasmids and all IncJ and IncD plasmids tested. The phage did not form plaques but propagated on P. mirabilis and Ser. marcescens strains carrying these plasmids. It did not plate or propagate on S . typhimurium strains harbouring the plasmids. The plaques were very hazy and variable in size. The phage attached sparsely, at a site which appeared to be located at the base of the tail, to sides of conjugative pili.
I N T R O D U C T I O N
Conjugative pili are determined by plasmids of all incompatibility (Inc) groups in Escherichia coli K 12 (Bradley, 1980 b) and phages which adsorb to these pili may be divided into two classes : RNA-containing phages which attach to the sides of pili and the pilus tip-adsorbing filamentous and tailed phages. Phages belonging to the first class are usually very specific and adsorb to pili encoded by plasmids belonging to only one or closely related Inc group(s) (Dennison & Hedges, 1972; Meynell, 1978) . Pilus tip-adsorbing phages are less specific, attaching to pili of a number of Inc groups Bradley, 1979; Bradley et al., 1981a, b, c) .
Phage C-1 is a small hexagonal-shaped RNA-containing phage, the first to be described which adsorbs to shafts of pili coded for by plasmids that are now regarded as forming incompatibility group C (Sirgel et al., 1981) . The IncA plasmid RAl (Datta & Hedges, 1973 ) appeared compatible with IncC plasmids but displayed reactions with members of the latter group which nevertheless indicated that the groups could be related (Sirgel et al., 1981) . Other plasmids which were incompatible both with RA1 and IncC plasmids were named IncA-C (Hedges, 1974; Jacob et al., 1977) . On re-testing, Datta (1979) found RA1 to be incompatible with prototypes of IncC plasmids and proposed that groups A and A-C be incorporated in the IncC group. This group of plasmids resembles group P-1 in having a wide host range (Datta, 1975) .
D . E . B R A D L E Y AND OTHERS
Plasmids R391, R392 and R397 (Coetzee et al., 1972) were compatible with R plasmids of all compatibility groups, transferred between strains of E. coli K 12 at low frequency and conferred kanamycin resistance on bacterial hosts. As incompatibility could not be tested, R39 1 was named the prototype of a new incompatibility group, J and the remaining two as ?J. Hedges et al. (1975) , using a recombinant of R391 coding for distinguishable markers, finally proved the plasmids incompatible with one another. These plasmids had been detected in bacteria of the tribe Proteeae isolated in Pretoria but Yokota & Kuwahara (1977) described another member of the IncJ group, pJY1, found in a strain of Vibrio cholerae isolated in the Philippines and Matthew et al. (1979) described a further member of the group, R997, carried by a strain of P. mirabilis isolated in India (see also Nugent, 1981) .
Plasmids R391 and R997 coded for pili which are thick and flexible, and Bradley (1980a) assigned IncJ pili, like those of IncC, to morphological group 2.
Antiserum to R391 pili labelled R997 pili equivalently and this serum also reacted (less strongly) with pili produced by the IncC plasmid RA1 (Bradley, 1980b) . Antiserum to IncC group pili also labelled IncJ pili.
Properties of another C-specific phage, designated C-2, are described in this paper, as well as those of a phage, J, which was isolated as plating on E. coli strain 562-1(R997) but not on the isogenic strain lacking the plasmid.
M E T H O D S
Bacteria and bacteriophages. These are listed in Table 1 . The plasmid-specific phages were used to determine whether plasmid-carrying hosts were synthesizing conjugative pili constitutively. This was shown by the appearance of plaques in areas where dilutions of phage suspensions were spotted on lawns of their bacterial hosts.
Plasmids. These were from the collection of Datta (1977) and were transferred to appropriate organisms by the method referred to below. Some of the plasmids are listed in Table 2 .
Media, antibiotics and transfer of plasmids by conjugation. These were as described by . The incubation temperature was 37 "C for all plasmid-carrying bacteria apart from those harbouring IncT plasmids where it was 25 "C.
Phage isolation. Attempts were made to isolate plasmid-specific phages from sewage obtained from the main Pretoria sewage works using the methods of Sirgel et al. (1981) . For isolation of an IncC plasmid-specific phage the organisms used for sewage enrichment were E. coli 562-1 (P-lacRldrdl9) and P . mirabilis PM5006(P-lac). Only strain 562-1(R997) could be used for enrichment in attempts to isolate an IncJ plasmid-dependent phage. The reason was that a heterologous strain carrying the same plasmid could not be employed as partner, as pili were possibly not constitutively produced in strains tested (see Results).
General phage techniques, production of phage lysates and organic solvent sensitivity of phage. These were done as described by .
Ribonuclease sensitivity. Drops of the phage C-2 suspension (1 x lo7 p.f.u. ml-I) were spotted on plates containing S. typhimurium LT2trpA8(P-lac) as indicator organism with pancreatic RNAase (BDH) at a final concentration of 25 pg ml-l in a top layer of agar (Watanabe & August, 1967) . Similar plates were spotted with phage C-1 (Sirgel et al., 1981) as a positive control. For phage J the indicator was 562-1(R997).
Concentration, purijication and buoyant density ofphage. Phage C-2 lysates were concentrated by polyethylene glycol (mol. wt 6000) and NaCl at final concentrations of 8% (w/v) and 0-5 M respectively (Yamamoto et af., 1970) . The polyethylene glycol concentration used for phage J was 10% (w/v). Pellets were resuspended in small amounts of distilled water. Purification and buoyant density determination of phage C-2 were according to Coetzee et af. (1979) , assuming 1.26g ~m -~ for the buoyant density of phage PR772, which was used as standard. Bacteriophage propagation. An exponentially growing culture (0.1 ml) of the plasmid-bearing organism under test (donor) was mixed with an equal volume of a stationary phase isogenic recipient lacking the plasmid, on a Millipore membrane resting on nutrient agar. After overnight incubation the growth was gently washed off into 5 ml warm broth. To 1 ml of this broth suspension (possibly containing transconjugants temporarily derepressed for pilus synthesis; Bradley, 1980a) , 0.1 ml of a suspension of the phage (1 x lo9 p.f.u. ml-I) and 4 ml soft top layer agar was added and the mixture poured over the surface of a nutrient agar plate and allowed to set. After overnight incubation the phage was harvested and the titre determined. The corresponding isogenic strain lacking the plasmid also served as the negative donor control. For phage C-2, all titrations (Sirgel et af., 198 1) were done on LT2trpA8(P-lac) which also served as positive control. The corresponding organism for phage J was 562-1 (R997). A test was regarded as positive when at least a tenfold titre increase, above that of the negative control, was registered in three independent experiments.
Electron microscopy. Techniques were those previously employed (Bradley et al., 1981a, b, c $. Strandedness not determined. morphology was examined with preparations made on E. coli JE257 1 (P-lacRldrdl9) while S. typhimurium SQ1139(pHH1343b) was used for phage adsorption studies. To study phage J adsorption, cells of JE2571(R391) or JE2571(R71 lb) were suspended in a few drops of phage suspension in broth at about 1 x lo9 p.f.u. ml-1 in a small dish which was then covered and incubated. After 30 min and again at 150 min, an electron microscope specimen support grid was touched on to the surface of the mixture. The grid was then washed and negatively stained with a mixture of equal volumes of neutral 27; (w/v) sodium phosphotungstate solution and 0.1 M-ammonium acetate solution. Pili without bacterial cells were visible using this procedure, since the latter had sunk below the surface during incubation. In order to visualize cells, the mixture was stirred with a wire before applying the grid to the surface. The magnification of the electron microscope was calibrated with the catalase crystal lattice.
For nucleic acid electron microscopy, the droplet technique of involving benzyldimethylalkylammonium chloride (BAC) was used. Plasmid RP4 DNA was used as a double stranded nucleic acid standard (Jacob et al., 1977) .
Nucleic acid extraction. This was done with phenol as described by .
Agarose gel electrophoresis. Nucleic acids were analysed on 0.5 x 15 x 40 cm agarose gels (0.8 %, w/v agarose in electrophoresis buffer containing 0-04 M-Tris/HCl, pH 7.7, 0-005 bi-sodium acetate, 0.001 M-EDTA and 1 pg ethidium bromide ml-I). Gels were run at 4 V cm-' for 4-8 h. Bands were visualized under long-wavelength UV light and photographed using Polaroid type 665 film. Molecular size standards were 3.0 MDal for phage Ifl-DNA and 1.7 MDal for phage X174-DNA (Wiseman et al., 1972) . For experiments involving nuclease sensitivity, pancreatic DNAase at 0.2 and 0.5 pg p1-I in 0.1 5 M-sodium iodoacetate, pH 5.8 and RNAase at 0.5 pg p1-I (BDH) were used.
D . E . B R A D L E Y A N D OTHERS R E S U L T S
Isolation of plasmid-dependent bacteriophages From the same specimen of sewage (the fifth sample examined) which yielded phage C-1 (Sirgel et al., 1981) a phage was isolated which plated on both the strains used for isolation, 562-1(P-lacRldrdl9) and PM5006(P-lac), but not on isogenic strains lacking the plasmid. The phage was named C-2 and was routinely propagated on S . typhimurium LT2trpA8(P-luc). Plasmid R997 transferred from 562-1 to 553-2 at a frequency of 5 x lo-* per donor h-l. The remaining IncJ plasmids (Table 1 ) transferred between the above strains at frequencies of about 5 x per donor h-' . All the IncJ plasmids transferred from these E. coli strains to LT2trpA8, PM5006 and SM89-1 at frequencies of about 1 x per donor h-l. In intraspecific back-crosses from the latter strains to M827-2, PM5006nal and SM89-2, respectively, the plasmids transferred at slightly higher frequencies of about 5 x loe6 per donor h-l. These results indicated that probably only plasmid R997 in strain 562-1 coded constitutively for conjugative pili (but see Bradley, 1980b) . For this reason only 562-1(R997) was used for sewage enrichment (see Methods) and not the usual reciprocal enrichment and plating techniques (Meynell & Lawn, 1968 ; Bradley et al., 1981 a) . The 16th specimen of sewage examined, produced some plaques yielding a phage which formed plaques on J62-1(R997) and not on 562-1. Phage from one of these plaques was named phage J and was propagated on J62-l(R997).
Properties of phages C-2 and J Plaque and phage morphology. Phage C-2 formed slightly turbid plaques 1-0 to 1.5 mm in diameter on S . typhimurium LT2trpA8(P-lac), E. coli 562-1(P-lacRldrdl9) and P. mirabilis PM5006(P-lac). The plaques were slightly smaller than those of phage C-1 on the same host (Sirgel et al., 1981) and tended to be of constant size. When the phage was plated on Ser. marcescens SM89(P-lucRldrdl9), the plaques were more turbid but similar in size to those formed on the above strains. Phage J formed extremely hazy plaques on all hosts. They varied from about 2 mm in diameter to less than 1 mm. The large plaques were usually irregular in outline.
Electron microscopy revealed that phage C-2 virions were flexible filaments approximately 8 nm thick. The measurement of 58 virions gave a mean length of 1256 & 84 nm and a modal length of 1235 nm. One end of the viral filament was pointed (Fig. 1, arrowed) and the other had a small disc-like structure (Figs 1,2) . Phage J had an hexagonal head with an inter-apex distance of 40 nm and a non-contractile tail of about 18 nm long on intact virions. Detached tails had a length of 32 nm and two discs at the proximal end (Fig. 3) . Also visible on some grids were a few particles which resembled phage 3, (Bradley, 1967) probably derived from the host strain (see Methods) but no other phage-or bacteriocin-like particles (see Bradley, 1967; Coetzee et al., 1968) were seen.
Adsorption site. Phage C-2 adsorbed to the shafts (sides) of pili (Figs 4-7) . The phage virion attached to the pilus by the structured end : Fig. 4 shows a complete virion with one end attached to a pilus at the top of the micrograph and with the pointed end at the bottom (arrowed), distal from the adsorption site. The appearance of phage plus pilus complexes varied, Fig. 5 being typical. The phage virions can be distinguished from any form of pilus by their uniform length, the short C pilus to which they are attached being arrowed. The virions are loosely bundled together, but are separated at a constant distance in some areas. A conformation with all the virions separated at a more or less constant distance was less frequently encountered (Fig. 6) . It was found that by using a slightly acid negative staining mixture (equal volumes of 2%, w/v, sodium phosphotungstate, pH 5.5, and 0.1 M-ammonium acetate, pH 7-4, to give a final pH 6.5) virions were aggregated into tight bundles in a majority of complexes (Fig. 7, C pilus arrowed) although examples similar to those in Fig. 5 were also present. Large enough numbers of C pili for this adsorption study were synthesized only by cultures grown for 6 h on solid medium and these 'exponential phase' pili were much shorter (200-500 nm) than those found with older cultures.
When an adsorption mixture of phage J and strain JE2571(R711 b) was examined in the electron microscope after 30 min incubation, 13% of the free pili had single phage virions adsorbed to their sides at a phage site which appeared to be located at the base of the tail (Figs 8,  9 ). Two virions were found in one case only (Fig. 8) . After a further 2 h period of incubation, 33% of the pili had single phages adsorbed to them (sample sizes about 30 pili). With an adsorption mixture using strain JE2571(R391), 25% of the J pili had adsorbed J phage virions at 50 min, and 50% at 2.5 h (Fig. 9 ), a few pili with two virions being found. Bacterial cells of both strains from adsorption mixtures that had been incubated for 24 h had no pili (sample size about 50 cells). Very few of these cells had phage J virions visible on their surfaces and no cell had more than one virion. These results indicate that phage J adsorbed to the sides of conjugative pili, albeit rather inefficiently.
Sensitivity to organic solvents or RNAase, Like other filamentous phages (Marvin & Hohn, 1969) , phage C-2 was found to be sensitive to chloroform and resistant to diethyl ether. Phage J withstood both these treatments, which totally inactivated phages X and PR772, respectively.
RNAase had no effect on plaque formation by either of the phages, while plaque formation by the control phage, C-1, was totally inhibited (Sirgel et al., 1981) .
Physicalproperties ofphage C-2. It was established by co-sedimentation to equilibrium in CsCl that the buoyant density of phage C-2 was 1.30 g relative to that of phage PR772. Phage C-2 nucleic acid, exposed to DNAase and RNAase and analysed electrophoretically in conjunction with similarly treated phage 4x174 DNA and phage R17 RNA controls, proved to be DNA (results not shown). The genome of phage C-2 was a single stranded circular molecule, as evidenced by co-spreading with double stranded RP4 plasmid DNA and by electron microscopic observation ; plasmid DNA appeared thicker in comparison (not shown). Coelectrophoresis (Fig. 10 ) of the genomes of phages C-2, If1 and 4x174 showed that C-2 and If1 (both 3.0 MDal) are indistinguishable with respect to size (Fig. 10, lanes 2, 3, 5 ) and bigger than 4x174 (1.7 MDal) (Fig. 10, lanes 1, 2, 4 ).
Host range. Although all the control phages (Table 1) plated on their particular plasmidbearing hosts, thus indicating the free availability of adsorption sites (not shown), phages C-1, C-2 or J only plated or propagated on some of the strains listed in Table 2 . Phage C-2 plated (or multiplied) only on bacteria harbouring IncC plasmids (Table 2 ). Most C plasmids in S. typhimurium LT2 permitted plaque formation, but the plasmids did not allow visible lysis of E. coli K12, although phage C-2 propagation could be demonstrated on the latter host. The exception was the recombinant plasmid P-lacRldrdl9 (Coetzee, 1974) : phages C-1 and C-2 plated on S . typhimurium, E. coli and Ser. marcescens strains carrying this plasmid (Table 2) . Proteus mirabilis PM5006(P-lac) also plated both phages. A few C plasmids (e.g. RA1) did not permit phage C-2 multiplication in S . typhimurium or E. coli hosts (Table 2) . This phenomenon, which was possibly related to the problem of host-specificity previously encountered (see Sirgel et al., 1981; Bradley et al., 1981a, b, c) , was not investigated.
Phage J only formed plaques on the E. coli strains harbouring the IncJ plasmid R997, IncC plasmids RAl, RA2, R1184, R714b, R871 or R994 and the IncD plasmids R687, R711 b, R778b or R840 (Table 2 ). Phage J propagated on E. coli 562-1 strains carrying the remaining IncJ plasmids. The phage did not plate on the P. mirabilis PM5006nal or Ser. marcescens SM89-2 strains carrying the above plasmids but consistently propagated on them (not shown). It did not plate or propagate on S . typhimurium strains carrying these plasmids (Table 2 and not shown). In concentrations > lo7 p.f.u. ml-l, clear zones of growth inhibition formed over areas on which a phage J suspension had been dropped on lawns of plasmid-free strains J53-2 or 562-1, but plaques were never seen with further dilution of the suspension. Bacteria in the areas of clearing were non-viable as indicated by failure to replicate on similar fresh media. Saline suspensions of the areas, when dropped on fresh lawns of the same organism, had no visible effect on growth. These saline suspensions did form plaques, in low titre, on 562-1(R997). The latter effect was possibly due to unadsorbed phage present in the clear zones. Phage J suspensions had no such inhibitory action on strains of S . typhimurium, P. mirabilis or Ser. marcescens, and the problem has not been resolved.
D. E . B R A D L E Y A N D O T H E R S
The bar markers in Figs 1, 3 and 4 represent 100nm. 
D . E . B R A D L E Y A N D OTHERS
The bar markers in Figs 5-8 represent 100 nm. Fig. 5. C-2 virions adsorbed along the shaft of a C pilus (arrowed). This was the commonest conformation with partly aggregated virus filaments. Fig. 6. C-2 virions which have not aggregated, attached to a C pilus (arrowed). They are held at a more or less constant distance apart, presumably by a surface electrical charge. Neither phage C-1 nor phage C-2 plated or propagated on bacteria carrying the IncJ plasmids R997 or R931, although Bradley (1980b) indicated a reciprocal serological relationship between C and J pili.
DISCUSSION
Three morphologically distinct phages adsorbing to C pili are now known. Phage C-1 (Sirgel et al., 1981) adsorbed to pili of all C plasmids tested but not to those of any other plasmid. Phage Table 2 . Host ranges of phages C-2 and J compared to that of phage C-1 Drops of phage suspensions (5 x lo9 p.f.u. ml-l) were spotted on lawns of organisms contained in toplayer agar. Phage propagation was assessed as outlined in Methods.
D . E. B R A D L E Y AND OTHERS
Plaque Propa-Plaque Propa-Plaque PropaInc group* Reference? formation gation formation gation formation gation
2, 3, 4 
* Letters in parentheses indicate former incompatibility grouping (Datta, 1979) t References: 1, Sirgel e? al. (1981); 2, Bradley (19806); 3, Jacob er af. (1977); 4, Datta (1979) ; 5 , Professor N. 6, R. W. Hedges, unpublished; 7, Bradley (1977); 8, Coetzeeetul. (1972); 9, Hedges (1975) ; 10, Matthew et a1 (1979); 11, Hedges (1974) .
1 +, Plaque formation or increase in titre of at least 10-fold above that of the negative control in three independent experiments; -, no visible action or titre increase. 
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8 Also named plasmid D (Coetzee, 1978) .
tl Recombinant between RA1 and R57b.
TI IncJ plasmid pJY 1 was not available.
C-2 adsorbed to pili determined by most C plasmids (and not to pili of any other plasmids). Among the C plasmids to whose pili phage C-2 will not adsorb are some, notably RA1 and RA2 (Aoki et al., 1971; Datta & Hedges, 1973) , which gave anomalous results in incompatibility testing. But some other plasmids, e.g. pHH 1 184, which failed to confer susceptibility to this phage, seem to be typical members of group C (Datta et al., 1980) . Phage J was also able to infect strains carrying certain plasmids of group C but there seems no relationship between the pilus specificities of the two phages. The host ranges of these two phages indicate heterogeneity in the pilus specificities of C plasmids (Table 2 ). This heterogeneity may prove useful in the classification of the plasmids constituting a large group with notably wide host range (Jacob et al., 1977; Datta, 1979) .
As well as adsorbing to pili determined by certain C plasmids, phage J adsorbed to pili determined by plasmids of groups J and D. Bradley (1980b) showed that the pili of J and C plasmids were serologically related, so it is not too surprising that a phage should be able to adsorb to pili determined by both plasmid groups. But no serological relationship between the pili of D plasmids and those of C or J plasmids was detected, though all three are of the thick flexible type which constitutes morphological group 2 (Bradley, 1980~) .
Until recently, terminal structures on filamentous phage virions had been poorly resolved and not recognized as such (Bradley, 1964; Williams, 1974) . The earlier of these illustrations (Bradley, 1964) was interpreted as showing the disorganization of the viral capsid at one end. However, Gray et al. (1981) showed micrographs of the phage fd adsorption protein, which consisted of three small spherical units attached to one end of the virions by thin threads. The disc-like structure at the attachment end of the C-2 virion in no way resembles the adsorption organ of phage fd but presumably has analogous function. The morphological differences may reflect the different locations of the target site on the conjugative pilus.
Phage C-2 is the first shaft-adsorbing filamentous phage to be found, others attaching exclusively to pilus tips (Marvin & Hohn, 1969 ; Bradley et al., 1981 a) . Tip-adsorbing phages are not usually restricted to the pilus receptor determined by plasmids of a single incompatibility group (see Introduction). In the present case, only some IncC plasmids determined sensitivity to phage C-2 (Table 2 ). This is not the case with the RNA-containing shaft-adsorbing phage C-1 ; phage C-2 is therefore even more specific and this may reflect a structural difference in the pilus tips of the plasmids concerned.
Phage J resembles phage T3 (Bradley, 1963 (Bradley, , 1967 , but is significantly smaller and is probably the smallest tailed phage described. The two discs at the proximal end of the tail presumably fix the latter to the head and are similar to those found on a coliphage (Bradley, 1964) and a Pseudomonas phage (Bradley, 1966) . The mode of attachment of the phage to the sides of conjugative pili is not clear but it is plausible to assume that the phage is drawn to the cell surface by retraction of the pilus and there adsorbs, perhaps by the tail tip. Without pilus assistance, infection is abortive (see Results). The sparse adsorption of the phage, for which there are precedents (Bradley et al., 1981 b, c), may be reflected in the plaque morphology (see Results). Phage J is the first plasmid-specific tailed phage which has been found to adsorb to the pilus side (shaft): lipid-containing phages like PR4 (Bradley, 1976 (Bradley, , 1978 (Bradley, , 1979 and PR772 appear to eject a short tail once they have adsorbed to the tip of a particular conjugative pilus by an apex of the icosahedral head and the adsorption site of the long-tailed W plasmidspecific phage (Morris et al., 1980) has not been described. Some Pseudomonas tailed phages adsorb to the sides of somatic as opposed to conjugative pili (Bradley & Pitt, 1974) .
The reasons for the limitation of phage action to certain bacterial hosts are not known. Thus, phages C-1 or C-2 plated on S . typhimurium LT2 strains carrying C plasmids, while they usually failed to plate on E. coli strains harbouring these plasmids although phage propagation was supported; similarly the Salmonella strain carrying appropriate plasmids failed to propagate phage J (Table 2 ) and it was fortunate that the usual reciprocal enrichment and plating techniques (see Results; Sirgel et al., 1981) were not employed. Similar limitations have been encountered with other plasmid-specific phages (Bradley, 1977 ; Sirgel et al., 1981 ; Bradley et af., 1981 b) . The restriction of phages C-1 and C-2 to Salmonella may be explained on grounds that, in E. cofi, C plasmids are inefficient producers of pili, leaving the culture with too few adsorption sites to support plaque formation by phages C-1 or C-2. The case of phage J may be due to salmonellae failing to provide a suitable intracellular environment for multiplication of this phage. Another explanation could be that a hostproduced structural change in plasmid-coded pili occurred which reduced or prevented phage adsorption while leaving the conjugation function of the pilus intact (see Hua et al., 1981 
